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CrTstal _ Studies

A schematic diagram of the three-zone translational furnace reported

previously is shown in Figure 1 and the tube cross-section is shown in

Figure 2. Isothermal furnace liners (heat pipes) are used to produce

uniform temperatures in the source zones and the growth z_es, respec-

tively. Figure 3 shows the temperature oontrol system. The center zone

is controlled by a Barber-Ooleman model 570 programmable temperature

controller. It also controls the setpoints of twD Barber-(bleman model

560 oontrollers for the right and left zones through the remote setpoint

output. A few thermal profiles of the furnace are shown in Figures 4&5.

Note that small discrepancies exist between the setpoint temperatures and

the actual zone temperatures. Sud_ diff_ are due simply to the

position of the setpoint t_le and are i_m_terial.

In order to maintain the _ interface at the same position in

the thermal profile, one must move either the ampoule or the furnace. In

cur earlier %_rk 1-5, we moved the ampoule periodically, but with this

system it is possible to move the furnace at rates as low as 1 _/day.

It is anticipated that the greater stability of this system will yield

crystals of better quality. A plot of furnace speed versus the dial

setting of the motor drive is given in Figure 6.

Five growth runs of 12.5 days eadl have been made using a trans-

lation speed of about 3 mm/day. The heating/cooling program used for the

center zone was as follows:

23°cto soo°cin 1.5
soo°cto 970°cin 1.s

970°C for 300 hr

970°cto s00°cin 2o
Power off and furnace cool



Gruwth data for the five runs are given in Table I. _%e highest gruwth

rate obtained thus far is 657 rag/day. _he crystals c_cained frum these

five runs are _ in Figure 7. _he first crystal is displayed in

Figure 8. It was _ in the 951/933 profile of Figure 4. It has

smouth faces and appears to be a single grain. It has a cross section

of about 50 sq mm and is about 1 cm long. Crystal number 4 is depicted

again in Figure 9. It was grown in the same thermal profile as number

i. Crystal number 5, which was grown in the 967/916 profile (Figure 5)

is shuwn in Figure i0. This crystal had the largest growth rate, which

is what one wuuld expect from the large temperature diff--, and it is

multi-grained. Its uncharacteristic brown color is due to oxidation

which occurred when the ampoule cracked. Thin wafers have been a/t frum

same of these crystals and work is nuw underway on determining disloca-

tion densities and the extent that twinning has occurred.

During the next six months, work will cuntinue on growth studies

and d%aracterization of the crystals. Also, an effort has begun on

determining the transport rates in the _se of vertical transport where

convection should have a larger effect

M_ S_=_x_ m_Ues

i. Task Description

task includes studies of:

a) _he high-t_m_ex_ture _ing b_havior of the silica ampoule

material in order to develop a cleaning and bake-out prooedure that will

minimize the amuunt of impurities introduced into the vapor frum the

ampoule materials and in particular during the seal-off procedure.
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b) The outgassing behavior of the _ starting material during

high _ r_f_ at elevated temperatures in order to develop a

taaperature-pressure _cogz-dm that will qM:/mize the removal of impurities

while minimizing a shift in stoichicmetry due to preferred evaporation of

the higher fugacity co_.

2. Description of _ and operation

_ss _;ectrum_r sys_m has b_n e_ntially _let_ and,

after calibration, will be used to pursue the above tasks. In the

following we describe the system and essential uperation procedures in

some detail.

Effusion furnace:

The furnace assembly consists of three subassemblies: (a) _he

molybdem_ double furnace described in the first semianmmd progress

report. (b) A furnace housing. (c) The mechanical elevator and its

case. Eaah of these subassemblies had to be modified before the furnace

cuuld be assembled.

a) The top furnace lacked a control thermocouple. A WSRe/WI6Re

thermo-couple (Type C) _s bru_t up the outside of the _ater-cooled

stainless steel furnace shell in an A1203 double bore 0.125" tube. The

alumina tube _as fastened to the furnace shell by a stainless steel clamp

ext_ from the case bottom half way up the shell. This was necessary

to maintain positional stability of the Thermoccuple. The alumina tube

extends to the top of the shell and thereafter the bare t_le wire

was bent cwer the top and down into the furnace. It is essemtial that no
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oxide extend into the furnace because the reflecting heat shield is made

of tantalum _hich will react with any oxide when the metal is hot.

As delivered, the furnace base plate only supported the water tubes

in such a way that strain is relieved as the furnace is raised and

luw_-ed. _herefore a plate was added to clamp all electrical leads

(heater puwer and t_les) as well as water tubing and to provide

guidance around the elevator muunting plate. _he thermouct_le's leads

are held in place by a _ kink an either side of this plate.

additianal strain relief plate is separated fmum the furnace base plate

by ore inch stainless steel spacers and all ccrmecticns are made in this

space.

b) _he furnace case originally ccr_isted of a stainless steel tube

with six-inc_ CF flanges cn each end. Its averall length is 22.25". A

tube terminated with a four-inch CF flange extends i0" overall frum the

main tube for cannecticn with a trapped diffusion pump station. A six-

CF flange mounted as cloee as possible to the main tube pruvides

access to the tube tangent to the main huusing tube 1-7/8" below the

upper flange and a i" ISO-KF flange and tube 4" beluw the top flange

apposite the 6" flange. _he 2.75" flange provide a furnace view port and

the i" flange provides Penning gage, calibration substances, and back-

filling gas cunnecticms thr_ an ISO tee.

c) _he furnace elevator case was modified by adding a 2.75" CF

flange cover with two 0.25" stainless steel tubes for cooling water

ocrmectians and a 4.50" CF flange cover with two electrical and thermo-

ouuple fe_. Each feed_ contains two 15 amp electrical

cunnectiuns and ane type C t/_rm_le ocnnector.

_4 m



d) Assembly of the effusion furnace proceeded by _ the

strain relief ring on the elevator plate. _e cooling water tubing was

brought frum the 0.25" Swagelock fittings at the furnace plate

0.25" tubing silver soldered to 0.125" copper tubing w_md in a 12-loop

spiral with a diameter appnmdmately 0.50" less than the inside diameter

of the furnace case. _ copper tubes pass through the 0.25" stainless

steel tubes of the 2.75" flange on the elevator case. _ are sealed

with a vitcm o-ring compression fitting. _ design leaves only the

fitting at the fun_ce bottam plate as a possible water leak and the 12-

coil spiral is sufficiently flex/ble that the elevator lock _ can

hold the elevator at full extension without slipping. An add/tional

advantage is that the torsional rotation of the tubing fram full elevator

extension to rain/mum extension is small and this plumbing should have a

long trouble free life. The t_les and power leads are connected

at the furnace base plate to leads coiled inside the water line coils.

All connections are made with berylli_ gold plated tube clamps.

The furnace plate and strain relief plate isolate these clamps frum any

tension as the furnace is raised and luw_red. The t_les were

ccrmecTmd with 24Ga type C extensiun wire insulated in loose fitting

Teflon tubing perforated at 1.5" intervals. The power leads are 18Ga

oq_r insulated in the same way that the t_le leads ware. One

side of each furnace %_s wired in cummcn so that anly three power leads

were required. Each furnace lead and its thermocc_ple _ brought

th_ the 4.50" flange in a separate feedthr_ marked top and bottam.

_he cumscn is marked with a red dot an the feedthroL_h. _hese posts are

on each furnace feedthrou_.

-5-



Furnace ccntrolle_

A furnace cuntrol and bakeout circuit have been constructed an a

19" rack panel. In the furnace control mode an Omega (_1200 controller

senses the furnace temperature thr_ the type C thermcc_le and

switches the low side of a variable transformer _ a solid state

relay. _he controller has proportianal, rate and integral action.

simple system is adequate for effusion studies. _e advantage of using

a variable transformer is that it prevents furnaoe run-away in the event

of a ca_c relay or ocrfcroller failure. The panel ocntains a

voltmeter that allows us to set a maximum tempexature frum EPI furnace

calibrations. _he panel is wired so that the output of the variable

transformer can be switched to a bakeuut mode. _he system consists of

two such contr_l and bakeout circuits whirl% share a ccrsr_n s_itchable

meter.

In addition to the two variable transformers in the control panel,

two other variable transformers are wall-muunted. Two _hermolyne FG h_G

i" x 8' tapes heat the mass spectrumeter and the pump out tube to the

_lecular pump. These are uperated frum the control panel. Two FG

HrG i" x 8' tapes heat the furnace housing and the tube correcting the

furnace to the liquid N1 trap. A similar i" x 6' tape heats the housing

of the elevator and is operated in parallel with one of the furnace

housing tapes. These are operated frum the wall mounted variable trans-

formers.

An Omega DP462 readout with a six _le capacity alluws us to
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munitor tape temperature during bakecut. _be type K thermoc_les are

placed on the apparatus at positions where critical bakecut temperatures

should not be _.

Cold trap control

An autnmatic liquid nitrogen controller, MDC model LC-IIA has been

installed to permit unattended operation of the mass spectrometer and

effusion furnace.

Calibration system

A syste_ to allow the introduction of known gaseous cumpuunds into

the mass mpectrumeter has been designed and parts ordered. At present it

is sufficiently complete to allow mass calibration of the system.

Furnace operation

EPI _ furnace bakeuut at 800C without water cooling, but

because of the Teflon insulation this installation should not be heated

that hot without water cooling. _he furnace has been heated to 200C and

the housing to 100C. Without cooling the liquid nitrogen trap the ulti-

mate pressure above the diffusion pump was less than ixl0 -7 (the limit

of the Penning gage). At the furnace gage port the pressure was 4xlO -7.

With the diffusion pump valve closed a slow increase in pressure was

ci_erved to about 7x10 -6. The absence of leaks indicates the bakecut

t_erature was too low or the bakecut too short. The maximum bakeout

temperature of the furnaoe will be determined experimentally by observing

the cumPoeitiun of the gases released as the tamperature is increased.
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All furnaoe controls function correctly.

_he vac_ systems were supplied with adequate puwer failure pro-

tecticn. _e Balzers forepump has three separate autumatic valves

built-in to prevent oil frum entering the diffusion pump and a mechanical

switch that must be reset in the event of a power failure. _he Peiffer

_lecular _ statian has a similar electrical shutoff med_%nism

and when the turbine slaws to a particular speed a valve vents the high

pressure side of the turbine to the a_. This latter feature

exposes the effusion furnace to the atmosphere. If this occurs while the

furnace is at high temperature , it will be destroyed. To protect the

furnaoe this valve will be ccrmected to the inert gas system used to

backfill the vacuum system. A reset electrical power circuit has been

ccr_tructed to prevent all electrical equipment _ r_carting when

power is restored after a power failure.

M_s _ctru_mr

Apparently the ross sp_.=_m_er _s misaligned during the move fram

the upstairs laboratory to D-20. As usual the RF unit was badly cut of

calibration. Oumplete r_uning to the mass range 0 to 1023ainu largely

oo_ the cali_ratian problem. Optimizing the voltages VO to V6 and

the RF gave a resoluticm of less than O.5ainu for strcr_ spectral peaks as

recorded an a HP 7034@% XY recorder. The QMG-511 is functioning satisfac-

torily. With a bakecut of unly 150C, the base pressure of the isolated

mass spectrumater was 5x10-9.
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Teknivent's Vector One mass spec_ program has been installed

on a Mitac AT clone uomputer and interfaced to the Balzer's QMG-511.

FUll computer cuntrol of the mass spectrometer has been obtained.

;terns to be ccmsidered and _rk needed fo_ full cumDletion of mass

m;_ctrumeter facility

Several literature items are missing. _he calibration certificate

supplied with each mass spectrumeter cannot be located. Balzers cannot

supply a copy. We will make one for the current state of the mad%ine.

circuit diagram book is missing. We _d _ one frQm Balzers

while they are still available for th/s model.

_he only construction remaining to be cumpleted is the gas calibra-

tion and filling system. Scme known samples with high mass fragments

must be obtained to cumplete the calibration.

Modelling_ of Physical Vapor Transport Rates

Under this task _ are developing a mm_rical model for the trans-

port rates to be expected for Zr_e under given sets of thermal and

geumetrical boundazy ccnditicr_, in order to provide guidance for an

o_duct of the growth experiments.

As described in c_tail in the first semiannual report, cumpariscn

of cur numerical results obtained with the oummercial oode _CS (CHAM

International) with our definitive transport data obtained earlier

revealed sane serious errors in the ocde when used in cylindrical oo-

ordinates. In _ to cur detailed documentation, _ Imndun

acknowledged the error in the program and sent a coding supplement which
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supposeily co_ the errors. After detailed testing and cumparis_

of the results for a cylindrical _ problem, we found that the

supplement, though better than the original code, %_s still unaocept-

able. Professor Spalding, the CB0 of CHAM, during a reoent visit to our

Center, prumised help and provided a copy of a new, yet unreleased ver-

sion of the code (PHD_ICS I.5) whiQh we then tested on the VAX 11/785

and the IBM mainframe of _ Huntsville. Unfortunately, the error still

persists in PHOD[ICS 1.5! ! Huwever, as of one week ago, we have received

a new version of the code FIDAP (Fluid Dynamics International) that now

allows the description of 2-ccm_(x%ent flows. The earlier version of

FIE_P, with which we have five years of very favorable experience, was

limited to _occmpcr_2_ fluids. We are in the process of adapting this

code to the _hysical vapor transport model.

Once the benchmarking of our numerical medal for the iodine/C4F8 is

completed, we will have established confidence in our PVT model. For its

application to the vapor transport of ZnSe in the continuation period, we

do not expect any major problems.
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